In an attempt to evaluate the environmental quality of Marsa-Matrouh city which covered the most famous beaches in Egypt, an environmental risk assessment was performed, including a screening level ecological risk assessment. The aim of this work was to determine which metals could possibly pose toxic adverse ecological effects to marine organisms and to determine whether hot spots exist or not. To fulfill the goals of study, surfacial sediment and water samples were collected from ten different locations covering MarsaMatrouh city during four seasons (2010)(2011). The average concentrations of Cd, Cu, Fe, Ni, Pb and Zn were 2. 381 ± 3.389, 9.307 ± 14.159, 68.969 ± 9.397, 2.642 ± 1.004, 16.712 ± 8.469, 31.168 ± 15.322 μg/l in water and 0.755 ± 0.240, 5.363 ± 1.581, 962.131 ± 975.084, 3.972 ± 2.180, 15.210 ± 4.434 and 24.608 ± 7.706 μg/g dry weight in sediment respectively. The concentrations of the investigated six metals in water were within the acceptable limits except for two stations (Cleopatra and El-Obayed) which exhibited higher values than the permissible level of Cd during autumn 2010. Metal pollution assessment for both water and sediment was studied. Heavy metal pollution index indicates that water is not critically polluted with respect to the investigated metals. For sediment samples, threshold effect concentrations (TEC HQ) were lower than 1 except for Cd which showed higher value than 1, indicating the possibility of occurrence of toxic adverse ecological effects to benthic organisms for Cd, while rare adverse ecological effects are expected to occur with respect to Cu, Ni, Pb and Zn.
Introduction
Metals are naturally occurring elements that ultimately originate from weathering of rock substrates. These metals are mainly chemically bound to alumino-silicates and are therefore not readily bio-available [1] . In contrast to the natural occurring of metals, the anthropogenic origin of these metals is more readily available to organisms due to the fact that they are more loosely bound in sediments [2] . One of the most crucial properties of heavy metals is that they are not biodegradable in the environment. In marine ecosystems, sediments show a great capacity to accumulate and integrate heavy metals and organic pollutants even from low concentrations in the overlying water column [3] [4] [5] [6] and so it acts as the main sink for metals [7] [8] and other pollutants [9] . Although most pollutants adsorbed on the sediments are not bioavailable, certain mechanisms may induce the release of pollutants back to the water column including sediment resuspension, desorption, redox reactions or (bio-)degradation of the sorptive substance [10] [11] [12] [14] [15] that can have toxic adverse effects on living organisms [16] [17] [18] . As a combined result of these factors, metal concentrations in the sediment change in space and time. In fact, during the last few decades, industrial and urban activities have contributed to the increase of metals contamination into marine environment and have directly influenced the coastal ecosystems [19] . Interactions between solid sedimentary matter and dissolved metals play an important role in the regulation of dissolved metal concentrations (which are the most bioavailable) in the water [20] .
The Marsa-Matrouh City has an area of 212,112 km 2 and 193,000 inhabitants, or 0.9 in habitants/km 2 [21] . The town of Marsa-Matrouh is the only important town on the 500 kilometers long stretch of the Mediterranean coast between Alexandria and the Libyan border. In summer, the number of visitors to MarsaMatrouh increases (more than one million visitors enjoy the beautiful white sand beaches and clear seawater), and hence the human activity in this site increases which reflects the changing in the environmental conditions.
The main aim of this work was to determine the spatial variations of Cd, Cu, Ni, Zn and Fe contents in water and sediment samples collected from MarsaMatrouh City. The samples were collected from ten beaches along the MarsaMatrouh coast which were selected to cover the most famous beaches to estimate the degree of contamination by using heavy metal pollution index for water and the geo-accumulation index, enrichment factor and the modified degree of contamination for sediment.
Materials and Methods
Seasonal water and sediment samples were collected from ten beaches (ElRemelah, Alam El-Roum, Mena Hashesh, El-Fayrouz, Romel, El-Boseet, Cleopatra, El-Gharam, El-Obayed and Ageba) during (2010-2011), which covered approximately 500 Km from the Egyptian Mediterranean coastline. Location of the sampling points was showed in Figure 1 and Table 1 . Coastal water samples were collected from the ten stations using Nansen bottles at 2 m depth, and then, stored in acid-washed polyethylene bottles until analysis. All the precautions recommended by [22] to minimise risks of sample contamination were followed during collection and treatment of samples. Dissolved heavy metals were determined according to [23] , as modified by [24] .
Water samples were filtered immediately after collection using pre-acid cleaned Millipore membrane filters (0.45 mm pore size; 47 mm diameter). The filtrates were acidified to pH 2, with HNO 3 of supra pure grade; they were stored, in acid-cleaned high-density polyethylene bottles, in plastic bags. The samples were passed through columns filled with an ion exchange resin (Chelex-100, mesh 200 -400), via a peristaltic pump in a clean air laboratory. After removal of the alkalis, the metals were eluted from the resin with a mixture of 2 N HNO 3 :1 N HCl (1:3). A 100-fold pre-concentration factor was achieved. Trace metal concentrations were determined in elutes.
The surface samples (about 1 Kg) were collected from the ten beaches with the water samples from the same places at (3 -5 cm) depth during the four seasons.
Sediment samples were collected using a Van-Veen grab coated with polyethy-lene [25] . Sediment sampling location position was detected using GPS localisation. Subsamples were taken from the central part of the grab to avoid contamination. The samples were kept in self-sealed acid pre-cleaned plastic bags, rinsed with metal-free water. The samples were deep-frozen until analysis. The samples were dried in the oven at 50˚C under vacuum (Medline-OV-12) and sieved, using plastic sieve to separate the shells and stones, crushed and homogenized prior to the analysis. The heavy metals in bottom sediments were digested according to the method described by [26] . An exact weight of dry sample (about 0.2 g) was placed in Teflon beaker, 3 ml of concentrated nitric acid was added to the sample and evaporated to dryness at 80˚C, 5 ml of HNO 3 /HClO 4 /HF mixture (3:2:1) was added to each sample. After complete digestion, the sample was evaporated to dryness; the temperature was increased gradually to 120˚C to remove the HClO 4 residue. The sample was cooled at room temperature and 5 ml of 0.1 N HCl was used to rinse and transfer the residue to 25 ml volumetric flask. The metals concentrations were determined by AAS (Shimadzu, AA-6800) and the results were expressed in μg/l (ppb) for water samples and µg/g (ppm) dry weights for sediment samples, Cd and Pb were analysed by graphite furnace and Ni, Cu, Zn and Fe by flame.
Assessment of Metal Pollution

Heavy Metal Pollution Index
Heavy metal pollution index (HPI) is a technique of rating that provides the composite influence of individual heavy metal on the overall quality of water.
The rating is a value between zero and one, reflecting the relative importance of individual quality considerations and inversely proportional to the recommended standard (Si) for each parameter [27] [28] [29] . The heavy metal pollution index (HPI) were calculated by the Equation:
where Qi is the sub-index of ith parameter, Wi is the unit weightage for ith parameter (calculated according to [30] , n is the number of parameters considered.
The critical pollution index value is 100.
Sediment Quality Guidelines (SQGs)
The effect characterization was based on several sets of sediment quality guide- logistic regression models including T50, which represents the probability of occurrence of adverse ecological effects in 50% of the investigated samples [37] and the apparent effect threshold low (AET-L) [39] . For some sediment quality guidelines, values representing higher level of adverse ecological effects are available (T80 and AET-H), where extreme adverse ecological effects could be expected as showed in Table 2 .
Hazard Quotient
In the present study, the risk was characterized by comparing the maximum concentration of each pollutant with its corresponding sediment quality guide- ( )
where Cn is the measured concentration of the studied metal "n" in the sediment and Bn is the geochemical background concentration of the metal "n". Table 3 .
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Statistical Analysis
Spearman (non-parametric) rank order correlations, Principal component analysis (PCA) and cluster analysis (CA) are the most common multivariate statistical methods used in environmental studies [42] - [48] . In the present study, SPSS for Windows, Version 15, was utilized for the multivariate analysis and for correlation analysis.
Principal Component Analysis
Multivariate analysis (Principal component analysis, PCA) has been applied on the data set for ten sediment samples and six variables (Cd, Cu, Pb, Ni, Zn, and Fe). R-mode factor analysis with VARIMAX rotation with Kaiser Normalization, as well as the Eigen values was applied to the previous metals in the sediment samples.
Cluster Analysis
Hierarchical cluster analysis (HCA) was carried out using the average linkage 
Results and Discussion
Water
The distribution of heavy metal concentrations for the ten beaches of the investigated area were reported in Table 4 and Table 5 . Iron is present in very low iron concentrations in the oceans, despite its enhanced abundance in the earth's crust, and is a vital constituent of plant life [52] .
It found in the natural sea water at level of 2 µg/l. in the present study, the dis- Generally, it was observed that, all studied beaches are not polluted with heavy metal and the reported concentrations of the investigated heavy metals are still far away below the acceptable international limits except for some stations which are polluted with Cu and Cd such as Cleopatra and El-Obayed stations.
Heavy Metal Pollution Index
In computing the HPI for the present study, the mean concentration values of the selected metals (Pb, Cd, Zn, Cu, Ni and Fe) have been taken into account.
The value of Heavy Metal Pollution Index (HPI) was to be found in the range from 7.11 to 79.55. The highest value of HPI was found for water samples collected from Cleopatra Beach followed by El-Obeyad Beach (53.83) while the lower value was detected for Ageba Beach. The higher values of HPI may be attributed to sewage dumping into these areas. The HPI values of the samples within study area are found below the critical pollution index (100), above which the overall pollution level should be considered unacceptable [27] [28] [29] . This indicates the water is not critically polluted with respect to the investigated heavy metals (Figure 2 ). However, Cleopatra station is not very far from the critically pollution index value (79.55) (100).
Statistical Analysis
By applying the Spearman (non-parametric) rank order correlations, the results revealed that the dissolved form of Cu is correlated with both dissolved forms of lead and Zn (0.624 and 0.588 respectively). Furthermore, there is a good correlation between the dissolved form of Zn with the dissolved forms of Cd, Pb and Fe (0.822, 0.745 and 0.576 respectively) as showed by Table 6 . This result revealed that these metals have the same source of contamination. 
1) Principal component analysis
Multivariate analysis (Principal component analysis, PCA) has been applied on the data set for ten water samples and six variables (Cd, Cu, Pb, Ni, Zn and Fe). R-mode factor analysis with VARIMAX rotation with Kaiser Normalization, as well as the Eigen values was applied to the previous inorganic pollutants in the sediment samples. The PCA results of water data set are presented in Table 7 . PC1, PC2 and PC3 account for 37.202, 23.082 and 16.975 % of the total variance, respectively. PC1 has high loadings of Cd, Zn and moderate loading of Fe. PC2 is loaded on Cu and Pb. PC3 is loaded on Ni only.
2) Cluster analysis By applying, the cluster analysis for both the complete and centroid linkages. Similar relations between pollutants were obtained by the two studied clustering methods. The resultant dendrograms confirm the results obtained with PCA. Indeed, there were five clusters, which can be identified as follows: the first cluster (A) contains (Cd and Zn) at distance 1 (which was well correlated in Factor 1 in PCA); at a higher distance (about 14) Fe is fused with cluster (A) formed cluster (C) (which is also correlated in Factor 1 but with moderate value). The second cluster (B) contains (Cu and Pb) at distance 10 (which was well correlated in Factor 2 in PCA). At distance 22, Ni is fused with cluster (B) forming cluster (D) (which appear at Factor 3 alone) as illustrated by Figure 3 . At distance 25 the two clusters (C and D) are fused forming the cluster (E).
Sediment
The distribution of investigated metals (Cd, Cu, Ni, Pb, and Zn) along MarsaMatrouh Beaches (summer 2010 spring 2011) were reported in Table 8 and Table 9 .
The highest average concentration of Cd was noticed in autumn 2010 (1.235 ± 0.720 µg showed that all sediment samples fall in class 0 for Cu, Fe, Ni, Pb, and Zn indicating that Marsa-Matrouh City is not contaminated area for these metals during the period of study (Table 10) 
2) Cluster analysis
By applying, the cluster analysis for both the complete and centroid linkages. 
Conclusion
Sediments are important hosts for trace metals and as such should be included 
